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(57) ABSTRACT 

A battery self-containing body, Which self-contains a battery 
or a battery accommodating body, Which accommodates a 
battery removably is attached to a capsule body including a 
drive circuit for driving an imaging device and an illuminat 
ing device. Thus, the poWer supply can be turned ON easily. 
In addition, the inside portion is sealed Water-tightly. Thus, 
the battery self-containing body or a battery can be exchanged 
easily, Which alloWs the easy reuse. The direction of the visual 
?eld of the imaging device is diagonal With respect to the axis 
of the capsule body. Furthermore, spiral-shape projections 
are provided on the peripheral surface of the cylinder form. 
Thus, the rotation alloWs the surface of canal cavity Wall to be 
examined easily. 

17 Claims, 14 Drawing Sheets 
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CAPSULE-TYPE MEDICAL APPARATUS 

This application claims bene?t of Japanese Application 
No. 2001-229951 ?led on Jul. 30, 2001, the contents ofWhich 
are incorporated by this reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a capsule-type medical 

apparatus for examining the inside of a body cavity, for 
example. 

2. Description of the Related Art 
Recently, an endoscope for observing and/or diagnosing 

the inside of a body cavity by inserting a long and narroW 
inserting portion has been Widely used. 
On the other hand, a capsule endoscope for observing the 

depths Within a body cavity is disclosed in Japanese Patent 
Application 2001 -95755, for example. The disclosed capsule 
endoscope is in form of capsule to be sWalloWed by a patient, 
Which alleviates pain felt by the patient. 

According to the capsule endoscope of the related art, a 
battery provided Within a capsule container is used as a poWer 
supply to illuminate a subject by using an illuminator. Then, 
an image of the subject is focused on an image sensor by using 
an objective lens. An image signal from the image sensor is 
sent to the outside of the body by radio Waves. 

Also, US. Pat. No. 5,604,531 discloses a similar capsule 
endoscope. The disclosed capsule endoscope accommodates 
a battery Within a capsule container, Which is used as a poWer 
supply to send a signal imaged by using a CCD camera to the 
outside of a body. 

In these technologies of the related art, the battery, Which is 
associated With, for example, a CCD driver for driving a CCD 
camera, is accommodated Within the capsule container. Thus, 
When the capsule endoscope is reused after it is sWalloWed by 
the patient once for the internal examination, the electric 
energy in the battery may be consumed. As a result, it is 
dif?cult to reuse. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a capsule-type medical apparatus, Which is easy to 
reuse by replacing a battery or a battery peripheral portion. 

It is another object of the present invention to provide a 
capsule-type medical apparatus, Which alloWs the easy 
poWer-supply sWitching. 

It is another object of the present invention to provide a 
capsule-type endoscope, Which can improve the observation 
functionality by the revolution thereof in a body cavity. 

Accordingly, there is provided a capsule-type medical 
apparatus, including a capsule body portion having an imag 
ing device for imaging and an illuminating device for illumi 
nation, a poWer-supply portion, Which is separate from the 
capsule body portion and self-contains a battery, and a remov 
able mechanism having a Water-tight internal portion, Which 
is achieved by attaching the poWer-supply portion to the 
capsule body portion. Thus, the capsule-type medical appa 
ratus can be reused easily by replacing the battery or the 
poWer-supply portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 7 relate to a ?rst embodiment of the present 

invention; 
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2 
FIG. 1 is an entire vieW of a capsule endoscope system 

including the ?rst embodiment; 
FIG. 2 is an external vieW of a capsule endoscope accord 

ing to the ?rst embodiment; 
FIG. 3 is a diagram-shoWing an internal con?guration of 

the capsule endoscope; 
FIG. 4A is a block diagram shoWing an electric con?gura 

tion of the capsule endoscope; 
FIG. 4B is a block diagram shoWing electric con?gurations 

of an external unit and a display system; 
FIGS. 5A to 5D are explanatory diagrams for an operation 

of this embodiment; 
FIG. 6 is a diagram shoWing an internal con?guration of a 

capsule endoscope in a variation example; 
FIG. 7 is an explanatory diagram of an operation of the 

capsule-endoscope in FIG. 6; 
FIGS. 8A to 13 relate to a second embodiment of the 

present invention; 
FIGS. 8A and 8B are a front vieW and a perspective vieW 

shoWing an appearance of a capsule endoscope according to 
the second embodiment; 

FIG. 8C is a magni?ed sectional diagram shoWing a con 
?guration of a microcapsule accommodating portion; 

FIGS. 9A to 9D are explanatory diagrams of an operation 
of this embodiment; 

FIG. 10 is an explanatory diagram of another operation of 
this embodiment; 

FIG. 11 is a diagram shoWing a capsule endoscope in a 
variation example; 

FIGS. 12A and 12B are diagrams shoWing an appearance 
and an internal con?guration, respectively, of a capsule endo 
scope in another variation example; 

FIG. 13 is a diagram shoWing a capsule endoscope in 
another variation example; 

FIGS. 14A to 21 relate to a third embodiment of the present 

invention; 
FIG. 14A is a diagram shoWing an internal construction of 

a capsule endoscope according to the third embodiment; 
FIG. 14B is an exploded, perspective diagram shoWing the 

capsule endoscope of the third embodiment; 
FIG. 15 an exploded, perspective vieW of a capsule endo 

scope in a ?rst variation example; 
FIG. 16 is an exploded, perspective diagram of a part of a 

capsule endoscope in a second variation example; 
FIGS. 17A and 17B are sectional and back diagrams, 

respectively, shoWing a back cover in a third variation 
example; 

FIG. 18 is a sectional diagram shoWing a construction of a 
capsule endoscope in a fourth variation example; 

FIG. 19 is a diagram shoWing a con?guration of a magnetic 
?eld generating device in use; 

FIG. 20 is a partially cut-out, sectional diagram of a capsule 
endoscope in a ?fth variation example; and 

FIG. 21 is an explanatory diagram shoWing an observation 
visual ?eld When the capsule endoscope is revolved. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention Will be described 
beloW With reference to draWings. 

First Embodiment 

A ?rst embodiment of the present invention Will be 
described With reference to FIGS. 1 to 7. 
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As shown in FIG. 1, a capsule endoscope system 1 includes 
a capsule endoscope 3 for examining the inside of a body of 
a patient 2, an external unit 4 for receiving image data from 
the capsule endoscope 3 and for storing the image data, an 
external unit attaching portion 5, Which alloWs the external 
unit 4 to be attached removably, and a display system 7 for 
reading signal data stored in the external unit 4 and for dis 
playing it in a display device 6. 
As shoWn in FIGS. 2 and 3, the capsule endoscope 3 is in a 

capsule form, Which is a cylinder having both ends in a 
hemisphere form. 
More speci?cally, as shoWn in FIG. 3, the capsule endo 

scope 3 has a capsule frame body 11, Which is in a cylinder 
form having both ends being closed. One of the end surfaces 
of the capsule frame body 11 is in a domical form covered 
With a hemisphere transparent member 12 and accommodates 
an illumination and observation optical system inside. The 
other end surface is covered With a hemisphere mesh member 
13, and microcapsules 14 containing a forming agent are 
?lled inside. The forming agent contains sodium carbonate 
and organic acid. 

Each of the microcapsules 14 in Which the forming agent is 
?lled is, for example, in a sphere form. The diameter is set 
larger than the siZe of the mesh portion of the mesh member 
13. Thus, the microcapsules 14 do not spill to the outside of 
the mesh member 13. The microcapsules 14 are also arranged 
to expose the internal forming agent When ultrasonic Waves, 
for example, are irradiated to the microcapsules 14 so as to 
destroy the microcapsules 14. The forming agent vaporiZes 
When it reacts on Water. Then, a large amount of gas is gen 
erated so that the forming agent can exhibit its function fully. 

The objective lens 16 included in an imaging optical sys 
tem is mounted at the center of one of end surfaces, Which is 
the observing side, of the capsule frame body 11 Within the 
end covered by the domical-form transparent member 12. 
LED’s 15 are mounted as an illuminating optical system at 
multiple positions, for example, at four positions around the 
objective lens 16. Thus, the visual ?eld range of the objective 
lens 16 can be illuminated. 

A CMOS imager 17, for example, is mounted on the cap 
sule frame body 11 at a position imaged by the objective lens 
16. 
The capsule frame body 11A self-contains a circuit portion 

18 for performing signal processing and the like on the 
CMOS imager 17, a battery 19 for supplying poWer to operate 
the circuit portion 18 and an antenna 21 for sending image 
data imaged by the CMOS imager 17 to the external unit 4 by 
radio Waves. 

A pH sensor 22 for detecting Whether or not the capsule 
endoscope 3 reaches a part to be examined, that is, the degree 
of acid (pH), is mounted such that it can be exposed on the 
external surface of the capsule endoscope 3. A detection 
signal from the pH sensor 22 is input to the circuit portion 18. 

Based on the pH detected by the pH sensor 22, a fact that 
the capsule endoscope 3 reaches a part to be examined Within 
the body is detected. According to this embodiment, a fact 
that the capsule endoscope 3 reaches the colon, for example, 
is detected. When the fact that the capsule endoscope 3 
reaches the colon is detected, the detected signal is sent to the 
outside of the body. 

FIG. 4A shoWs a con?guration of an electric system of the 
capsule endoscope 3 in more detail. Each of the LED’s 15 is 
driven by an LED drive circuit 24. The LED’s 15 emit White 
light so as to illuminate inside of the body. 

The LED drive circuit 24 is controlled by a control signal 
from a control/processing circuit 25. 
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4 
A subject Within the body, Which is illuminated by the 

LED’s 15, is imaged by the objective lens 16 on the CMOS 
imager 17, and is optoelectronic-converted by the CMOS 
imager 17. 
The signal, Which is optoelectronic-converted by the 

CMOS imager 17, is read out by a drive signal from a CMOS 
driver 26. Then, the read signal is input to an image process 
ing circuit 27 through the CMOS driver 26. Operations of the 
CMOS driver 26 and the image processing circuit 27 are also 
controlled by the control/processing circuit 25. 

Then, the signal is converted to a compressed image signal 
by the image processing circuit 27 and is modulated With a 
high-frequency (for example, 2.4 GHZ) through a send/re 
ceive circuit 28. Then, the signal is sent from an antenna 21 to 
the external unit 4 side in the outside of the body. The pH 
sensor 22 is driven by the sensor drive circuit 29, and the 
detection signal is input to the control/processing circuit 25 
through the sensor drive circuit 29. 
When the control/processing circuit 25 detects a predeter 

mined pH, the fact is sent to the outside of the body through 
the send/receive circuit 28. 
On the other hand, the external unit 4 for receiving image 

data and the like from the capsule endoscope 3 is in a box or 
cylinder form, having an antenna 31, for example. The exter 
nal unit 4 is attached to the abdominal region of the patient 2 
by using a belt, for example, as shoWn in FIG. 1. 
When the external unit 4 receives a signal indicating the 

detection of the predetermined pH from the capsule endo 
scope 3, a lamp 32 is turned on and off (instead of turning the 
lamp 32 on and off as shoWn in FIG. 4B, the noti?cation may 
be given by buZZing or vibration caused by a vibration motor). 
A con?guration of an electric system in the external unit 4 

is shoWn in FIG. 4B. 
The signal received by the antenna 31 is demodulated by 

the send/receive circuit 33. The demodulated image data is 
stored in a memory 34 (instead of the memory 34, a hard disk 
may be used, Which is abbreviated by HDD in FIG. 4B and so 
forth. The send/receive circuit 33 and the memory 34 are 
controlled by a control circuit 35. 
When a signal indicating the predetermined pH detected by 

the pH sensor 22 is detected in the demodulation processing 
by the send/receive circuit 33, the detection signal is sent to 
the control circuit 35. Then, the control circuit 35 turns the 
lamp 32 on and off. 
As described later, turning the lamp 32 on and off means 

that the capsule endoscope 3 reaches the part to be endoscope 
examined. As shoWn in FIG. 5C, the user destroys the micro 
capsules 14 by pressing an external ultrasonic Wave generator 
38, for example, onto the abdominal region of the patient 2 in 
order to generate ultrasonic Waves. Thus, the forming agent 
Within the microcapsules 14 can be discharged to the outside 
of the microcapsules 14. 
The forming agent reacts on Water Within the colon, and the 

forming agent is vaporiZed so as to expand the inside of the 
colon. When the control circuit 35 turns the lamp 32 on and 
off, for example, or after a short period of time since then, a 
control operation is performed for sending a control signal, 
Which causes the capsule endoscope 3 side to start imaging, 
from the antenna 31 through the send/receive circuit 33. 
The capsule endoscope 3 receives the control signal by 

using the antenna 21. Then, the control signal is demodulated 
by the send/receive circuit 28 and is sent to the control/ 
processing circuit 25. When the control/processing circuit 25 
identi?es that the control signal is for starting imaging (by 
comparing or by referring to data pre-stored in the internal 
memory, for example), the control/processing circuit 25 oper 
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ates the LED drive circuit 24, the CMOS driver 26, the image 
processing circuit 27 and the send/receive circuit 28 intermit 
tently, for example. 

For example, the LED’s 15 emit light once per second for 
1/30 of a second. After 1/30 of a second, the CMOS driver 26 
applies a drive signal to the CMOS imager 17 and reads out 
imaged signals. The signals are image-processed and con 
verted to compressed image signals in the image processing 
circuit 27. Then, the signals are high-frequency modulated 
through the send/receive circuit 28 and are sent from the 
antenna 21. 

After sending a control signal, the control circuit 35 per 
forms a control operation by converting the demodulated 
image signals received by the antenna 31 to digital image data 
and by Writing the digital image data in the memory 34. 

The memory 34 is connected to a connector 36. The image 
data stored in the memory 34 can be output through the 
connector 36. 

The connector 36 can be attached removably to a connector 
37 of the external unit attaching portion 5. After the connector 
36 is attached, the image data in the memory 34 can be 
transferred to a personal computer body 38 side including in 
the display system 7. 

The personal computerbody 38 has a memory 39, an image 
processing circuit 40, a hard disk (or memory) 41, a display 
circuit 42, and a control circuit 43. The memory 39 is con 
nected to a connector 37, for example, and functions as a 
buffer for temporally storing image data. The image process 
ing circuit 40 is connected to the memory 39 for performing 
processing for expanding image data, for example. The hard 
disk 41 is connected to the image processing circuit 40 for 
storing the expanded image. The display circuit 42 is con 
nected to the hard disk 41 for converting the stored image data 
to signals for display. The control circuit 43 controls the 
memory 39, the image processing circuit 40 and the hard disk 
41. The image in the display circuit 42 is displayed by the 
display device 6. 

The control circuit 43 is connected to a console such as a 
keyboard 44. When an instruction for image display, for 
example, is input from the key board 44 to the control circuit 
43, the control circuit 43 performs the instructed processing 
such as image display, for example. 
An operation Will be described When the colon, for 

example, is endoscope-examined by using the capsule endo 
scope system 1 in this con?guration. 
As shoWn in FIG. 1, the patient 2 Wears the external unit 4 

on his/her belt, for example, and sWalloWs the capsule endo 
scope 3. 

Then, the capsule endoscope 3 sequentially passes through 
the esophagus, the stomach, the duodenum, the small intes 
tine and so on. FIG. 5A shoWs the capsule endoscope 3 is just 
before the colon 46, and FIG. 5B shoWs the state that the 
capsule endoscope 3 reaches the colon 46. Under this state, 
the capsule endoscope 3 drives the pH sensor 22 through the 
sensor drive circuit 29 intermittently to detect the pH and 
sends the result to the control/processing circuit 25. The con 
trol/processing circuit 25 determines Whether or not the cap 
sule endoscope 3 reaches the colon 46 based on the change in 
characteristic of the detected pH. 
More speci?cally, since there are digestive juices having a 

strong acid Within the stomach, the pH is 1.0 to 3.5 When the 
capsule endoscope 3 reaches the stomach. The capsule endo 
scope 3 passes through the stomach to the duodenum. When 
digested staffs having the strong acid is sent from the stomach 
to the duodenum, the digestive juices is neutraliZed With the 
strong alkaline digestive juice or bile in the duodenum to 
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6 
neutral (a little loWer than pH 7). Then acidity becomes 
gradually higher by the bacteria in the small intestine (pH is 
loWered). 

Then, the capsule endoscope 3 reaches the colon 46, as 
shoWn in FIG. 5B. The higher number of types and the larger 
amount of bacteria exist in the colon 46 than those in the small 
intestine. Thus, the acidity is maintained by the lactobacillus 
bi?dus, lactic acid, and so on. As a result, the value of acidity 
is about pH 6. 
As described above, according to this embodiment, When 

the capsule endoscope 3 enters the stomach, the pH sensor 22 
detects the strong acidity under pH 3. Then, When the capsule 
endoscope 3 enters the duodenum, the pH is increased rapidly 
under the in?uence of the strong alkaline digestive juices. 
After a While, the pH is settled on about pH 7 . After that, as the 
capsule endoscope 3 passes through the small intestine, the 
pH is decreased gradually (pH 6.5 to 7). When the capsule 
endoscope 3 enters the colon 46, a little more rapid pH 
decrease (pH 6.5 to 7) than the gradual pH decrease While 
moving in the small intestine is detected since the degree of 
acidity in the colon 46 is higher than that in the small intestine 
(decrease to about pH 6). Based on the detection of the pH 
change, it is determined that the capsule endoscope 3 reaches 
the colon 46. 
When the control/processing circuit 25 determines that the 

capsule endoscope 3 reaches the colon 46, the control/pro 
cessing circuit 25 sends a signal indicating that the capsule 
endoscope 3 reaches the target part from the antenna 21 to the 
outside through the send/receive circuit 28. 
When the external unit 4 receives the signal, the control 

circuit 35 noti?es it to the patient 2 and/ or medical staffs by 
turning the lamp 32 on and off. Then, as shoWn in FIG. 5C, an 
external ultrasonic Wave generator 38 is pressed against the 
body surface of the patient 2, as shoWn in FIG. 5C. Then, 
ultrasonic Waves are irradiated toWard the capsule endoscope 
3. 
The microcapsules 14 accommodated in the mesh member 

13 of the capsule endoscope 3 are destroyed by the irradiation 
of the ultrasonic Waves. As a result, the forming agent inside 
is discharged. 
The forming agent reacts on the Water in the colon 46 and 

is vaporiZed, and a large amount of gas is generated. The gas 
expands the colon 46 as shoWn in FIG. 5D. 
When the fact that the capsule endoscope 3 reaches the 

colon 46 is detected, the patient 2 lays doWn so that the 
capsule endoscope 3 can move forWard easily. In this case, the 
control/processing circuit 25 of the capsule endoscope 3 also 
controls to operate the LED drive circuit 24 and the CMOS 
driver 26 intermittently. Thus, image data imaged by the 
CMOS imager 17 is sent front the antenna 21 to the external 
unit 4 side by radio Waves. 

In this case, since the inside of the colon 46 is expanded by 
the forming agent, the enough visual ?eld of the objective lens 
16 can be provided. Thus, the surrounding internal Wall can 
be imaged su?iciently. As a result, the Wider Wall surface of 
the colon 46 can be imaged by the CMOS imager 17 (if the 
colon 46 is not expanded, the transparent member 12 of the 
objective lens 16 is blocked by the canal Wall, for example, of 
the colon 46. Thus, only a part of the canal Wall may not be 
Within the visual ?eld. 
The external unit 4 receives image data, Which is sent 

intermittently, and stores the received image data in the 
memory 34. After the capsule endoscope 3 is excreted from 
the anus, the external unit 4 is attached to the external unit 
attaching portion 5. Then, the image data stored in the 
memory 34 is captured to the display system 7 side. 
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The operator causes the display device 6 to display the 
captured image data so that the colon 46 of the patient 2 can 
be diagnosed. 

According to this embodiment, since the capsule endo 
scope 3 images the subject part, Which is expanded, the Wider 
part of the subject can be Within the visual ?eld for imaging 
than that in the case Without expansion. As a result, the e?i 
cient endoscope examination can be performed. Also, 
because of the expansion, the surface of the subject is 
stretched to a substantial plane and is imaged, Which helps the 
diagnosis. 

Since the imaging is performed in the part to be examined, 
the electric energy can be used more ef?ciently. The operator 
causes the intermittently imaged image data to display, and 
the diagnosis can be performed Within a shorter period of 
time. 
As a ?rst variation example, a sensor for detecting bacteria, 

an enZyme or the other, Which only exists in the subject (the 
colon 46 in this embodiment) may be adopted instead of the 
pH sensor 22. 
As a second variation example, a speed sensor, for 

example, may be adopted as a measure for detecting the 
direction of gravity, instead of the pH sensor 22. FIG. 6 shoWs 
a capsule endoscope 3B in the second variation example. 

The capsule endoscope 3B adopts a speed sensor 48 
instead of the pH sensor 22 in the capsule endoscope 3 in FIG. 
3. The speed sensor 48 is connected to the circuit portion 18. 

The speed sensor 48 is a sensor for detecting a speed of the 
capsule endoscope 3B. In this variation example, When the 
capsule endoscope 3B moves forWard from the small intes 
tine to the upstream colon 46a of the colon 46 as shoWn in 
FIG. 7, the moving direction is opposite to the gravity direc 
tion. Thus, the moving speed of the capsule endoscope 3B 
becomes extremely loW. By detecting the extremely loW 
speed, the fact that the capsule endoscope 3B reaches the 
colon 46 can be detected. 

After the detection, as described in FIG. 5C, the external 
ultrasonic Waves generator 38 is pressed against the body 
surface of the patient 2 and the ultrasonic Waves are irradiated 
toWard the capsule endoscope 3B side. Thus, the microcap 
sules 14 are destroyed, and the forming agent therein expands 
the colon 46 so that the imaging can be performed in the 
visual ?eld obtained in that Way. 
An acceleration sensor may be adopted instead of the speed 

sensor 48. In this case, When the capsule endoscope 3B moves 
from the small intestine to the upstream colon 46a of the 
colon 46, the fact that the capsule endoscope 3B reaches the 
target part can be also determined by detecting a large change 
in the acceleration caused When the capsule endoscope 3B 
goes to the upWard direction. 

Advantages of these variation examples are the same as 
those of the ?rst embodiment. 

Second Embodiment 

A second embodiment of the present invention Will be 
described With reference to FIGS. 8A to 13. FIGS. 8A and 8B 
shoW a capsule endoscope 3C according to the second 
embodiment of the present invention. FIG. 8A shoWs a front 
vieW of the capsule endoscope 3C, Which is vieWed from the 
front side. FIG. 8B shoWs a perspective vieW of the capsule 
endoscope 3C, Which is vieWed from the substantial side. 
FIG. 8C shoWs the internal construction of a microcapsule 
accommodating portion. 

While the capsule endoscope 3 shoWn in FIGS. 2 and 3 has 
the illuminating and imaging units in the axis direction, the 
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8 
capsule endoscope 3C shoWn in FIGS. 8A and 8B has them in 
the perspective direction, Which is slanted With respect to the 
axis direction. 

In other Words, the front end side of a cylinder capsule 
frame body 11 is cut diagonally. Then, a capsule frame body 
11 is attached to an objective lens 16 at the center of the part 
closed by a place frame (base) 11a. The LED’s 15 for illumi 
nation are located at surrounding four positions, for example. 
The circumference is covered by a transparent member 12. 

Spiral projections 51 are provided on the peripheral surface 
of the capsule frame body 11, Which alloWs the capsule endo 
scope 3C to move forWard spirally Within the body cavity, as 
shoWn in FIG. 10. 
The capsule endoscope 3C accommodates the microcap 

sules 14 in a hemisphere microcapsule accommodating por 
tion 52, Which is located at the rear end of the capsule endo 
scope 3C. In this case, the microcapsule accommodating 
portion 52 has microcapsule outlets 53 at multiple points, 
respectively, in the radial direction for discharging the micro 
capsules 14, as shoWn in FIG. 8B. 
As shoWn in FIG. 8C, the microcapsule outlets 53 are 

provided in an accommodating ?lm 54. The microcapsule 
outlets 53 are covered by an aZo-polymer ?lm 55, for example 
(While the aZo-polymer ?lm 55 is provided to cover all of the 
circumference of the accommodating ?lm 54. HoWever, it 
may be provided to cover only a part of the microcapsule 
outlets 53. 

In other Words, each of the microcapsule outlets 53 has a 
larger opening than the siZe of the microcapsule 14. Thus, the 
opening is covered by the aZo-polymer ?lm 55. The aZo 
polymer ?lm 55 has a characteristic that it is melted by a 
speci?c enzyme generated by bacteria in the colon. 

Therefore, When the capsule endoscope 3C reaches the 
colon, the aZo-polymer ?lm 55 is melted by the enZyme. 
Then, each of the microcapsule outlets 53 becomes open. As 
a result, microcapsules 14 are discharged from the microcap 
sule outlets 53 to the inside of the colon. 

FIGS. 9A to 9D shoW explanatory diagrams for an opera 
tion according to this embodiment. When the capsule-endo 
scope 3C reaches the appendix 56, for example, of the colon 
46, as shoWn in FIG. 9A, the aZo-polymer ?lm 55 on the 
circumference surface of the microcapsule accommodating 
portion 52 is melted by the enZyme Within the colon 46. 
When the am -polymer ?lm 55 is melted by the enZyme, the 

microcapsule outlets 53 become open. Then, as shoWn in FIG. 
9C, the microcapsules 14 Within the microcapsule accommo 
dating portion 52 are discharged from the microcapsule out 
lets to the colon 46 side. 

After that, as shoWn in FIG. 9D, the microcapsules 14 are 
destroyed (by the irradiation of ultrasonic Waves from the 
outside of the body). The forming agent discharged from the 
microcap sules 14 is vaporiZed by Water Within the colon 46 so 
that the inside of the colon 46 is expanded. As a result, the 
visual ?eld can be obtained. 

FIG. 10 shoWs hoW the capsule endoscope 3C moves for 
Ward Within the colon 46 When the visual ?eld is obtained by 
using the forming agent. Since, spiral projections 51 are pro 
vided on the circumference surface of the capsule endoscope 
3C, the capsule endoscope 3C moves forWard by the peristal 
sis of the colon 46 (the direction of the open arroW in FIG. 10). 
Additionally, a revolving force Works on the capsule endo 
scope 3C, so that the capsule endoscope 3C revolves and 
moves forWard as indicated by the black arroW. According to 
the construction, the observation can be performed in the 
perspective direction. Therefore, the capsule endoscope 3 can 
move forWard With observing (or imaging) the entire canal 
cavity. 
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Accordingly, this embodiment has the same advantages as 
those of the ?rst embodiment. Furthermore, the imaging can 
be performed through the spiral revolution. Therefore, all of 
the canal cavity can be imaged easily. Since the perspective 
type imaging unit is provided, an image can be obtained, from 
Which the canal cavity can be diagnosed more easily than that 
in the case of the direct vieW. 

As a ?rst variation example of this embodiment, a forming 
agent is charged and accommodated Within the accommodat 
ing ?lm 54 Without using the microcapsules 14. 

According to the construction of this variation example, 
the forming agent is vaporiZed automatically Without the 
irradiation of ultrasonic Waves When the capsule endoscope 
3C reaches the colon. Thus, the inside of the colon is 
expanded so that the visual ?eld can be obtained. 

Therefore, according to this variation example, the colon 
can be expanded automatically so that the required operation 
can be more simpli?ed. 

FIG. 11 shoWs a second variation example. A capsule endo 
scope 3D is the same as the capsule endoscope 3C in FIG. 8 
except the rear end of the capsule endoscope 3D is connected 
to a cord 58 through a removable joint 57, for example. The 
connection With the cord 58 can easily set the axis direction of 
the capsule endoscope 3 to the axis direction of the canal 
cavity. Furthermore, the unsteadiness of the visual ?eld, 
Which is caused When the capsule endoscope 3D revolves 
spirally and moves forWard, is reduced. Thus, the imaging 
function to achieve the steady imaging can be improved. 

Each of FIGS. 12A and 12B shoWs a capsule endoscope 3E 
according to a third variation example. FIG. 12A shoWs the 
perspective vieW. FIG. 12B shoWs the sectional vieW shoWing 
the principle portion of the internal construction. 

The capsule endoscope 3E is the same as the capsule endo 
scope 3C in FIG. 8 except that functions of bipolar electrodes 
51a and 51b to stop bleeding are provided to the projections 
51. 

In other Words, each of the projections 51 are formed by a 
conductive member to become the bipolar electrodes 51a and 
51b. As shoWn in FIG. 12B, the control circuit 58 is connected 
to the battery 19, and charges for stopping bleeding are stored 
in the capacitor 59 by the control circuit 58. After a certain or 
more of charges are stored, charges in the capacitor 59 are 
discharged from the bipolar electrodes 51a and 51b, for cau 
teriZing. The LED 15 in this variation example is in a cylinder 
form, as shoWn in FIG. 12A. 

The functions of the bipolar electrodes 51a and 51b are 
provided by using projections in FIGS. 12A and 12B. HoW 
ever, in a capsule endoscope 3F shoWn in FIG. 13, each of the 
bipolar electrodes 51a and 51b is formed by a ring-shaped 
conductive member, in addition to the projections 51. By 
using the capsule endoscope 3E in FIGS. 12A and 12B and 
the capsule endoscope 3F in FIG. 13, the bleeding can be 
stopped as Well, Which improves the functionality. 

Third Embodiment 

Next, a third embodiment of the present invention Will be 
described With reference to FIGS. 14A to 21. FIG. 14A shoWs 
a longitudinal section of a capsule endoscope 3G according to 
the third embodiment. FIG. 14B shoWs an exploded vieW of 
the capsule endoscope 3G. The capsule endoscope 3G 
according to this embodiment has a double construction, and 
the inside portion can be reused. 
As shoWn in FIGS. 14A and 14B, the capsule endoscope 

3G has a capsule body 61, a transparent cover 62 for covering 
the side and the front portions of the capsule body 61, and a 
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back cover 63 for covering a part near the rear end and the rear 
side part of the capsule body 61. 
The capsule body 61 is in a substantial columnar form. An 

objective lens 16 is mounted at the center of the front end side 
by using a lens frame. Multiple LED’s 15 are located on the 
peripheral in the circumference direction. 
A CMOS imager 17 is located at the focus position of the 

objective lens 16. A driver 26 therefor is mounted integrally 
on the back surface. An LED drive circuit 24 for driving the 
LED’s 15 and an antenna 21 are built in the capsule body 61. 
The driver 26, the LED drive circuit 24 and the antenna 21 are 
connected With a communication and control circuit 64. 
The communication and control circuit 64 has functions of 

the control/processing circuit 25, the image processing circuit 
27 and the send/receive circuit 28 in FIG. 4A. 

Electrodes 65a and 65b are mounted on the rear end surface 
of the capsule body 61. The electrodes 65a and 65b are 
connected With the communication and control circuit 64. 
Electrodes 66a and 66b are provided at the positions facing 
against the electrodes 65a and 65b on the front surface of the 
back cover 63. When the rear end side of the capsule body 61 
is covered by the back cover 63, the electrodes 65a and 66a 
and the electrodes 65b and 66b contact to each other and are 
conducted. 

Multiple batteries 19 are accommodated in the back cover 
63 and are connected to the electrodes 66a and 66b. 
A forming agent accommodating portion 68 is formed in a 

holloW portion near the rear end of the back cover 63 for 
accommodating a forming agent 67. 

Multiple forming agent outlets 69, Which communicate 
With the outside of the back cover 63, are provided at the rear 
end side of the forming agent accommodating portion 68. The 
forming agent outlets 69 are covered by an aZo-polymer ?lm 
70. 

In the capsule endoscope 3G having this construction, the 
capsule body 61 is covered by a transparent cover 62 and the 
back cover 63. By bonding and ?xing the portions ?tting the 
transparent cover 62 and the back cover 63, the capsule body 
61 inside can be maintained air-tight and Water-tight. 

Therefore, after the capsule endoscope 3G is used to per 
form the endoscope examination on a patient 2, the capsule 
endoscope 3G is collected and is cleaned and steriliZed. After 
that, the transparent cover 62 and the back cover 63 are 
removed to take out the capsule body 61. 

Then, the capsule body 61 is ?lled in the neW transparent 
cover 62 and back cover 63 to be used for the next endoscope 
examination. 

According to this embodiment, since the capsule body 61 
de?ning an imaging section and so on can be reused, the cost 
for the endoscope examination can be reduced signi?cantly. 

FIG. 15 is an exploded vieW of a capsule endoscope 3H 
according to a ?rst variation example of this embodiment. In 
the case of the capsule endoscope 3H, the batteries 19 Within 
the back cover 63 as shoWn in FIG. 14A are separated and 
attached to the rear end of the capsule body 61 removably. 

In other Words, in this variation example, a screW portion 
71 is provided in stepWise on the rear end side of the capsule 
body 61. Then, a battery box 72 is screWed to the screW 
portion 71 removably. 

The batteries 19, not shoWn here but shoWn in FIG. 14A, 
are accommodated Within the battery box 72. In this case, 
ring-shape electrodes 73c and 73a are provided on the rear 
end surface of the capsule body 61 and on the front end 
surface of the battery box 72, respectively (in FIG. 15, the ring 
shape electrode 73a on the battery box 72 side is conducted 
With the electrode 73b therein). 










